The term "end-stage renal disease" (ESRD) usually refers to chronic kidney disease (CKD) treated with either dialysis or transplantation. For the exact definition of ESRD, the estimated glomerular filtration rate (eGFR) is \<15 mL/minute/1.73 m^2^.[@ref1]-[@ref3] Vascular endothelial growth factor (VEGF) is a prominent growth factor that is responsible for the angiogenic process in the kidneys.[@ref4]-[@ref6] The VEGF was formerly thought to be an angiogenic molecule that both supported blood vessel dilation and provided new blood vessel formation. The majority of VEGF receptors are VEGF receptor-1 (VEGFR-1) and VEGFR-2, which are transmembrane proteins. Soluble vascular endothelial growth factor receptor-1 is mainly found on endothelial cells and monocytes. Soluble vascular endothelial growth factor receptor-1-mediated signaling is an important action, as it increases vascular permeability.[@ref7],[@ref8] In pathological conditions like ESRD, extreme VEGF production may cause new vessel formation; this condition may destroy the tissue and organ structure. Soluble vascular endothelial growth factor receptor-1 (sVEGFR-1) is produced by alternative splicing of VEGFR-1 mRNA. It acts as a decoy peptide, and it is likely that it negatively regulates VEGF. Its levels correlate with prognosis; it is a severe sign of disease intensity in the intensive care unit (ICU) patients.[@ref9],[@ref10] Sufficient release of VEGFR-1 can be crucial in preventing exaggerated angiogenesis, and it contributes to the remodeling process of ESRD.

However, studies reporting the association among circulating VEVGF, sVEGFR-1 levels and clinical information of patients with ESRD are very limited. In this study, we hypothesized that circulating sVEGFR-1 and VEGF would be clinically important in hemodialysis (HD) patients. We tested this hypothesis in 38 HD patients by evaluating their clinical features such as the medications they used and their comorbidities.

Methods {#sec1-2}
=======

A total of 73 participants, including patients with ESRD (n=38) and healthy subjects (n=35), attending Gulhane Education and Research Hospital, Ankara, Turkey were included in this comparative cross-sectional study between 2011 and 2013.

All of the participants gave their informed consent. The local ethics committee of Gulhane Education and Research Hospital approved this study protocol. All of the procedures that we followed were in accordance with the ethical standards of the respective committees on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008. Every members of the ESRD group and control group were older than 18. All of the patients underwent HD 3 times per week (3-5 hours per session) using bicarbonate dialysate and high-flux (22%) or low-flux (72%) dialysis membranes. Any patients with infections, acute or chronic inflammatory disease, cerebrovascular occlusion, high sedimentation rate, or C-reactive protein with malignancy were excluded from the study. Serum VEGF and sVEGFR-1 levels were measured using Quantikine ELISA kits (R&D Systems, Minneapolis, MN, USA) and a Synergy HT plate reader (Bio-Tek Instruments Inc, Winooski, VT, USA). All of the patients' clinical features, medical history, medication regimens, and laboratory results were recorded and compared.

The Statistical Package for the Social Sciences for Windows, Version 16.0 (Chicago, SPSS Inc.) was used for the data analysis. For the descriptive statistics, discontinuous variables were demonstrated as numbers and percentages (%); continuous variables were demonstrated as mean±standard deviation. The Kolmogorov-Smirnov test was used to measure the normality of the data. A chi-square test was used to evaluate the relationships among the independent variables. Student's t-test was used to evaluate the difference between the averages of the 2 groups for continuous variables with normal distributions. The Mann-Whitney U test was used to evaluate the difference between the averages of the 2 groups for continuous variables without normal distribution. A *p*-value \<0.05 was considered to be significant.

Results {#sec1-3}
=======

The average ages and body mass indexes (BMIs) of the patient and control groups were similar and were not significantly different from each other (**[Table 1](#T1){ref-type="table"}**). In the ESRD group, 7 of the patients had coronary artery disease (CAD), 22 had hypertension (HT), and 12 had heart failure (HF). The healthy control group had no chronic disease or medication (**[Table 2](#T2){ref-type="table"}**). The laboratory results and demographic features of patients were assessed. The white blood cell (WBC) count, urea, creatinine, hemoglobin, eGFR, alanine aminotransferase (ALT), albumin, high-density lipoprotein-cholesterol (HDL-C), parathormone (PTH), uric acid, calcium, phosphor, magnesium, and ferritin levels of patients and the control group were significantly different (**[Table 1](#T1){ref-type="table"}**) (*p*\<0.05). Mean VEGF level of all ESRD patients was not significantly different from the control group while the mean sVEGFR-1 level of all HF patients was significantly higher (*p*=0.475) than the control group (*p*\<0.001) (**[Table 1](#T1){ref-type="table"}**). Mean VEGF levels of ESRD patients with CAD, HF, and HT were not significantly different from the ESRD patients without any accompanying disease and the control group. Mean sVEGFR-1 levels of the ESRD patients with CAD, HF, and HT were significantly different from the control group but were not significantly different from the ESRD patients without an accompanying disease (**[Table 2](#T2){ref-type="table"}**).

###### 

Comparison of demographic and laboratory features, VEGF, and sVEGFR-1 levels of ESRD group and control group.
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###### 

Comparison of VEGF and sVEGFR-1 levels in comorbidities and medications of ESRD patients.
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###### 

Correlation analyses of VEGF and sVEGFR-1 levels with other clinical features in ESRD group (n=38).
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Average VEGF level of ESRD patients using recombinant human erythropoietin (rhEPO) was significantly higher than the ESRD patients not using rhEPO (**[Table 2](#T2){ref-type="table"}**). Average VEGF level of ESRD patients using insulin was significantly lower than the ESRD patients not using insulin (**[Table 2](#T2){ref-type="table"}**). Average sVEGFR-1 level of ESRD patients using calcium channel blocker (CCB) was significantly lower than the ESRD patients not using CCB. Average sVEGFR-1 level of ESRD patients using beta blockers, acetylsalicylic acid, enoxaparin, CCB, rhEPO, and insulin were significantly different from the healthy control group (**[Table 2](#T2){ref-type="table"}**).

Discussion {#sec1-4}
==========

In the present study, we have investigated putative links of VEGF and its soluble receptor sVEGFR-1 in prevalent HD patients. We have aimed to evaluate the levels and clinical significance of VEGF and sVEGFR-1 (relationships between VEGF and sVEGFR-1 with demographics, laboratory findings, co-morbidities, and medications) in patients on HD treatment.

We have found the level of sVEGFR-1 higher than the control group due to inflammation likely to the previous studies.[@ref11] Also, according to the literature, an increased level of sVEGFR-1 is an independent risk factor for CKD, which causes low prognosis and high cost.[@ref11] Increased plasma VEGF levels have been reported in CKD or ESRD patients underwent HD.[@ref12],[@ref13] In the literature, bilateral nephrectomy in mice has caused an extreme increase in plasma VEGF.[@ref14] On the contrary, VEGF levels of HD patients were not higher than the control group in our study, unlikely to the literature. This may be due to the nonspecific increases in VEGF levels because of inflammation, coagulation or such other biological processes. Tomas Lenz et al[@ref15] were not able to show a significant correlation between VEGF and sVEGFR-1 in diabetic patients with reduced renal function. We have found a significant correlation between VEGF and sVEGFR-1. From this point of view, VEGF reduction by an increase in sVEGFR-1 may be one of the causes of decreased angiogenesis in ESRD patients. Because we have also found sVEGFR-1 levels significantly higher in ESRD patients. We believe that it can be an important clinical sign in ESRD clinical course.

It was previously known that sVEGFR-1 was correlated with morbidity and mortality and was a potent indicator of disease severity in septic or seriously ill patients.[@ref16],[@ref17] In this regard, we believe that sVEGFR-1 is an important molecule in an aspect of ESRD pathogenesis and clinical course. In our study, the correlation analysis between VEGF and sVEGFR-1 was significantly negative. We speculate that a decreased level of sVEGFR-1 by increased level of VEGF is a physiological response to inflammation, designed to increase angiogenesis in ESRD patients.

The age, gender, and the BMI of the 2 groups were similar. The average age was 70.08±11.91 in patients group. The increased incidence of ESRD in elderly is compatible with the literature.[@ref18]

As sVEGFR-1 is expressed in both endothelial cells and macrophages, VEGFR-1 has been related to inflammation.[@ref19] With this knowledge, we can see increasing of sVEGFR-1 by increasing levels of WBCs. We have reported a significant and positive correlation between WBC and sVEGFR-1.

The CKD is an independent risk factor for the development of CAD, and for the everity of CAD.[@ref20] It is known that incidence of CAD increases in renal osteodystrophy in CKD patients, most probably by one of the mechanisms of a decrease in the angiogenic process. The correlation analysis between parathormone and sVEGFR-1 was significantly positive. We have also found a positive correlation between phosphorus and sVEGFR-1, and a negative correlation between calcium and sVEGFR-1. The levels of calcium and phosphorus are similar to the levels in renal osteodystrophy patients. Qunying Guo et al[@ref21] found significant associations between sVEGFR-1 and cardiac disease. The sVEGFR-1 may be one of the mechanisms of decrease of angiogenesis in CKD patients with renal osteodystrophy. The positive correlation between phosphorus and sVEGFR-1 is a new finding among the studies in this area. Also, the correlation between sVEGFR-1 and albumin, HDL-C, calcium were found to be significantly negative for the first time.

Tomas Lenz et al[@ref22] suggested that in vivo erythropoietin does not affect the functionality and/or production of components of the VEGF system in diabetics with CKD. According to this study, the effects of exogenous rhEPO upon VEGF and/or the sVEGFR-1 have not been evaluated before. In the present study, the average VEGF level of ESRD patients using rhEPO was significantly higher than the ESRD patients not using rhEPO. The average sVEGFR-1 level of ESRD patients using rhEPO was not significantly different from the ESRD patients not using rhEPO. Further investigations with more participants may reveal significant results about sVEGFR-1. The fact that rhEPO has been given with remarkable clinical benefit to patients with preterminal and terminal renal failure, now makes it likely that convenient effects on the angiogenesis may be a relevant effect of this agent. Further investigations may be needed in this area. Tartare et al[@ref23] & Miele et al[@ref24] have declarated that VEGF induction by insulin treatment occurs via different signaling pathways. In our study, we found that average VEGF level of ESRD patients using insulin was significantly lower than the ESRD patients not using insulin contrary to literature. This result may show that insulin treatment in diabetic patients with ESRD may decrease angiogenesis via the reduction of VEGF. The average sVEGFR-1 level of ESRD patients using CCB was significantly lower than the ESRD patients not using CCB. All of our patients were using dihydropyridine CCB. Allanore et al[@ref25] reported that nifedipine concentration did not affect the VEGF and sVEGFR-1 levels. Our finding may reveal a positive effect of CCB on angiogenesis in patients under HD treatment. Further investigations are needed in this area.

Study limitations {#sec2-1}
-----------------

This study is based on a limited number of patients and thus, cannot ascertain whether these findings can be applied to other patients with ESRD. Due to this limitation the associations with clinical findings such as demographic features, laboratory findings, comorbidities, and medications have been considered as secondary objectives. Further studies with more participants should be performed. But evaluating both of these agents (VEGF and sVEGFR-1) concurrently makes it easy to evaluate the balance of angiogenic/anti-angiogenic factors in patients with ESRD.

In conclusion, sVEGFR-1 levels of ESRD patients are significantly higher than the control group. We found novel associations among the sVEGFR-1 and VEGF levels and medications. Especially our finding of rhEPO and VEGF illuminates a reasonable positive effect of rhEPO on angiogenesis. We report novel associations between VEGF, sVEGFR-1, insulin and CCB medication. Accordingly, larger clinical studies will be necessary for confirmation of these findings.
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